Pulmonary arterial hypertension (PAH) is characterized by progressive increases in pulmonary vascular resistance, leading to right heart failure and death. Guidelines recommend customization of treatment, necessitating the development of effective strategies for transitioning patients among treatments. In this study, we characterized our experience with patient transitions from parenteral prostacyclin to inhaled iloprost. We retrospectively assessed records from 11 centers of 37 consecutive patients with PAH aged ≥ 18 years who were treated with intravenous (IV) or subcutaneous (SC) prostacyclin analogues and transitioned to inhaled iloprost. The transition period began on the first day of inhaled iloprost with the intent of discontinuing parenteral prostacyclin and ended on the first day on inhaled iloprost free of parenteral prostacyclin. Persistence was defined as the absence of (1) parenteral prostacyclin while remaining on inhaled iloprost during post-transition Days 1-90 and (2) no reinitiation of parenteral prostacyclin during post-transition Days 90-365. All patients were clinically stable before transitioning to inhaled iloprost. The mean age was 46.5 years, 70.3% were female, 51.4% had idiopathic PAH, and 43.0% were in New York Heart Association Functional Class III. Among patients with an overlapping transition, the mean transition period was 10.5 days. A transition dosing algorithm was used in 10 patients (27.0%). At one year, 78.4% of the patients remained persistent on inhaled iloprost and 81.1% were free of clinical worsening. In selected patients on background oral PAH therapy, transitioning from parenteral prostacyclin to inhaled iloprost appears safe and feasible and is associated with long-term success. Further study is needed to define the optimal patient selection criteria and transition algorithm.
Pulmonary arterial hypertension (PAH) is a lifethreatening disease characterized by a progressive increase in pulmonary vascular resistance (PVR) leading to right ventricular failure and death. [1, 2] Principle pathophysiologic changes associated with PAH include remodeling of the vascular wall, in situ thrombosis, and vasoconstriction. [1] PAH is defined hemodynamically as a mean pulmonary artery pressure (mPAP) > 25 mmHg, pulmonary capillary wedge pressure ≤ 15 mmHg, and PVR > 3 Wood units. [3] Parenteral prostacyclin analogues (intravenous [IV] epoprostenol and treprostinil; subcutaneous [SC] treprostinil) [4] [5] [6] [7] [8] are accepted PAH therapies; [9] [10] [11] however, chronic treatment with these compounds may be limited by major adverse events (AEs) attributed to pump malfunctions, catheter-related infections, and vascular thrombosis with IV administration, and infusion site pain when administered subcutaneously. The short half-life of epoprostenol (two to three minutes) requires continuous IV infusion through a tunneled catheter, which may trigger systemic AEs or infusion site pain and erythema. [12] Abrupt cessation of the infusion can cause life-threatening rebound pulmonary hypertension (PH), [13] and the risk of catheter-related infections related to IV infusion may limit its appeal. Barst et al. demonstrated that approximately 10% of patients with PAH receiving IV epoprostenol developed a catheter line infection over an 84-day period. [5] Badesch et al. reported an incidence of 4% in patients receiving continuous IV epoprostenol for PH due to the scleroderma spectrum of diseases. [6] Treprostinil has a longer half-life than epoprostenol (three to five hours) and can be administered via SC or IV infusion. However, compared with IV epoprostenol, IV treprostinil has been associated with a higher rate of bloodstream infections in patients with PAH, which has been related to the pH of the diluent. [14] [15] [16] A recent analysis from the Registry to Evaluate Early and Long-Term PAH Disease Management (REVEAL), an uncontrolled registry, showed that bloodstream infection rates were significantly greater in patients receiving IV treprostinil compared with those receiving IV epoprostenol (0.36 vs. 0.12 per 1,000 treatment days; P < 0.001). [17] Iloprost, a prostacyclin analogue formulated for delivery via inhalation, was approved in the United States in December 2004 to treat patients with PAH. In the Aerosolized Iloprost Randomized (AIR) study, a significantly greater percentage of patients with severe PAH and chronic thromboembolic PH receiving iloprost (median dose = 30 µg/day or six treatments/day) had an improvement in New York Heart Association (NYHA) functional class (FC) and 6-Minute Walk Distance (6MWD) of ≥ 1 and ≥ 10%, respectively, compared with placebo, indicating that iloprost is an effective therapy in these patients. [12] Iloprost is delivered during distinct treatment periods necessitating 6-9 inhalations per day. This treatment schedule can be challenging for some patients and thus may limit compliance. However, because of the inhaled route of administration, iloprost allows for direct drug delivery [6, 12, 18] and has an AE profile that may be more favorable than prostanoids with continuous delivery, [4] [5] [6] [7] [8] 12] potentially resulting in fewer systemic AEs while eliminating the risk of infection or site pain.
The transition of patients with PAH from parenteral prostacyclin therapy to inhaled iloprost has been previously investigated in small patient populations; [19] [20] [21] [22] however, it is important to further understand factors that contribute to a successful transition to a parenteral-free treatment regimen. [23] We studied a retrospective cohort of patients with PAH (World Health Organization [WHO] Group I) who transitioned from a parenteral prostacyclin analogue to inhaled iloprost to (1) characterize the profile of transitioned patients; (2) determine the utilization of transition algorithms; (3) ascertain the rationale for transitioning patients; and (4) determine the duration and predictors of persistence with a parenteral-free treatment regimen following transition.
MATERIALS AND METHODS

Study design
We performed a retrospective cohort study of patients with PAH aged ≥ 18 years who were treated with IV or SC prostacyclin analogues. We identified 37 patients who attempted to transition to inhaled iloprost, either concurrently (overlapping) or within one day of discontinuing parenteral prostacyclin analogue therapy. Transition Day 1 was defined as the first day of inhaled iloprost therapy initiated with the intent of discontinuing parenteral prostacyclin. Post-transition Day 1 was defined as the first day on inhaled iloprost without parenteral prostacyclin therapy ( Fig. 1) . Patient data were collected through the earliest of the following time points: Posttransition Day 365; reinitiation of parenteral prostacyclin therapy; date of discontinuation of inhaled iloprost during post-transition Days 1-90 (therapy breaks ≤ 28 days were considered interruptions, not discontinuations); lung transplantation; atrial septostomy; death; and date of electronic case report form (eCRF) entry of medical chart data. All patients were monitored clinically throughout the study period.
Patient population
Transition to inhaled iloprost had to occur after US Food and Drug Administration (FDA) approval (December 30, 
Data collection
Patient demographic and clinical characteristics were collected from the most recent chart entries before transition Day 1. Informed consent dates, previous parenteral prostacyclin therapy and transition attempts, and reasons for the current transition were documented. Administration details for the most recent parenteral prostacyclin therapy before transition Day 1 and dates and reasons for any discontinuation of inhaled iloprost therapy during the post-transition period were documented (treatment interruptions were not recorded).
All investigational and FDA-approved PAH medications that were initiated, continued, or discontinued within 90 days before transition Day 1, during the transition period, or during the post-transition period were captured in the eCRF. The most recent 6MWD, NYHA FC before transition Day 1 (within one year), and hemodynamic parameters before transition Day 1 (within three years) were documented. The dates of lung transplantation, atrial septostomy, or death were recorded if they occurred within the transition or the post-transition period.
Exposure and outcome definitions and measurements
Persistence was defined and assessed as follows: (1) An absence of parenteral prostacyclin therapy while remaining on inhaled iloprost during post-transition Days 1-90 and (2) no reinitiation of parenteral prostacyclin therapy during post-transition Days 90-365. Persistence and survival were determined from post-transition Day 1. Persistent patients were followed to the earliest of the following dates: 
Statistical analyses
Data analyses were stratified by etiology and baseline NYHA FC. Kaplan-Meier product-limit estimates were used to estimate the proportion of patients who persisted for one year following transition to inhaled iloprost, calculated from post-transition Day 1. Cox proportional hazards models were used to examine predictors of persistence as permitted by the sample size. P < 0.05 was considered significant.
RESULTS
Baseline characteristics and medications
Thirty-seven eligible patients on IV or SC prostacyclin analogues from 11 US centers were enrolled in the study. The patient cohort had a mean age of 46.5 years, PAH duration of 4.6 years, and was comprised of predominantly females (70.3%) and patients with idiopathic PAH (51.4%). The patient cohort had a median (min, max) duration from the date of right heart catheterization to transition Day 1 of 5.2 (0.0, 108.1) and 9.3 (0.0, 28.5) months in persistent and nonpersistent patients, respectively. The mean 6MWD, PVR, mPAP, and wedge pressure were 400.5 m, 9.3 Wood units, 49.0 mmHg, and 11.3 mmHg, respectively ( Table 1) . The most common pretransition parenteral prostacyclin was IV epoprostenol (48.6%), followed by SC treprostinil (43.2%) and IV treprostinil (8.1%; Table 2 ). PAH-specific medications utilized during the pre-transition, transition, and post-transition periods are shown in Figure 2 .
Transition to inhaled iloprost
Details of the patient transitions to inhaled iloprost, including whether the transition was overlapping, the transition duration, and whether a treatment algorithm was used, are shown in Table 3 . The majority of patients (91.9%) had an overlapping transition with a mean transition period of 10.5 ± 13.9 days. All three of the patients who underwent a nonoverlapping transition had received IV epoprostenol. Reasons for transitioning included the following: Clinical improvement permitting transition from a parenteral prostacyclin (18.9%); AEs associated with prostacyclin therapy that were not due to infections (16.2%); AEs associated with IV prostacyclin therapy that were due to line infections (29.7%); AEs associated with SC prostacyclin therapy that were due to cellulitis (10.8%); or site pain (18.9%). PAH-related oral medication usage during transition included endothelin receptor antagonists (ERAs; 54.1%), phosphodiesterase type-5 (PDE-5) inhibitors (51.4%), and calcium channel blockers (10.8%). Ten patient charts (27.0%) indicated that a transition dosing algorithm was used. All seven patients who demonstrated clinical improvement before transitioning remained persistent with a parenteral-free treatment regimen post-transition.
Persistence during the post-transition period
The Kaplan-Meier estimated probability ± standard error of being free from clinical worsening at one year was 81.1 ± 6.4%. Of the whole cohort, seven patients (18.9%) demonstrated clinical worsening ( Table 4 ). The one patient death was a female aged 72 years with NYHA FC III symptoms who died 10 months after reinitiating parenteral therapy.
Among the entire cohort, 29 patients (78.4%) were persistent and 27 patients remained on inhaled iloprost continuously for one year post-transition. Of the *Patient demographic and clinical characteristics are based on the latest medical chart entry before or on transition Day 1; † Pulmonary arterial hypertension (PAH) duration is calculated from the diagnosis date (or first ever reported start of PAH medication) to post-transition day 1; ‡ If more than one race category is marked and the patient is not Hispanic, the patient is categorized as "Mixed"; § The value for 6-minute walk distance (6MWD) is the most recent available within 1 year prior to transition day 1; # Wedge pressure is the left ventricular end-diastolic pressure (LVEDP) or pulmonary capillary wedge pressure (PCWP); If both are available, then LVEDP is reported; FC: functional class; mPAP: mean pulmonary artery pressure; mRAP: mean right atrial pressure; NYHA: New York Heart Association; PVR: pulmonary vascular resistance; SD: standard deviation; PAH: pulmonary arterial hypertension; 6MWD: 6-minute walk distance Figure 2 : Pulmonary arterial hypertension-related medication usage for all patients. Pre-transition includes the medications patients were exposed to during the 90 days prior to transition (n = 37). During transition includes the medications patients were exposed to during the transition period (transition Day 1 through post-transition Day 0, n = 34) and patients with a nonoverlapping transition period (n = 3). Post-transition includes the medications patients were exposed to during the 365 days after post-transition Day 1 (n = 37). During the transition and post-transition periods, many patients had PAH oral therapy modifications. Among persistent patients, four added an oral therapy during the transition period (one bosentan, three sildenafil), four added a therapy post-transition (one ambrisentan, three sildenafil), and one switched from bosentan to sildenafil during the post-transition period. Among non-persistent patients, one patient discontinued sildenafil therapy during the transition period and one patient added sildenafil during the post-transition period. All patients include charts from patients in the analysis population (i.e., those who satisfied all protocol criteria). Values above columns denote the number of patients. 29 patients who persisted, two patients discontinued inhaled iloprost 90 days post-transition, one patient added an ERA, three patients added a PDE-5 inhibitor during the post-transition period, and one patient switched from an ERA to a PDE-5 inhibitor during the post-transition period. Eight patients (21.6%) were nonpersistent (Fig. 3) ; four (10.8%) discontinued inhaled iloprost during the first 90 days of the post-transition period (mean time to discontinuation, 37.3 ± 15.7 days; Table 4 ), one added a PDE-5 inhibitor, and one discontinued PDE-5 inhibitor therapy during the post-transition period. Reasons for discontinuation of inhaled iloprost during the posttransition period included clinical deterioration (n = 7), AEs (n = 1), and other (noncompliance, n = 1; enrolled in an oral prostacyclin drug study, n = 1).
Comparison of persistent and nonpersistent patients revealed no differences in 6MWD, FC, or time since last right heart catheterization; however, significant differences Clinical improvement allowing transition from parenteral prostacyclin 7 (18.9) AEs related to prostacyclin therapy unrelated to line infections 6 (16.2) AEs related to prostacyclin therapy due to line infections 11 (29.7) AEs related to prostacyclin therapy due to cellulitis 4 (10.8) Patient request not otherwise specified 8 (21.6) Other § 3 (8.1) *Includes charts from patients in the analysis population (i.e., those who satisfied all protocol eligibility criteria); † All non-overlapping transition patients were receiving intravenous epoprostenol; ‡ More than one reason can be selected; § Other, specified reasons include: "improve quality of life" (n=1), "outpatient management by patient not feasible" (n=1), and "Hickman fell out" (n=1); AEs: adverse events; SD: standard deviation were observed regarding the use of specific oral PH therapies. Persistent patients were more likely to use ERA or PDE-5 inhibitor therapy at any time during the transition (P = 0.027; Table 5 ) and were more likely to be receiving ERA or PDE-5 inhibitor therapy at the end of the transition (P = 0.012; Fig. 4 and Table 5 ). Cox proportional hazards models revealed a significant association of persistence with oral therapy use compared with no oral therapy (ERA vs. no orals [P = 0.019]; PDE-5 vs. no orals [P = 0.044]; any orals vs. no orals [P = 0.004]; Fig. 5 ).
DISCUSSION
Disease progression or improvement of the AE profile associated with therapy may prompt a transition from one therapeutic regimen to another. A recent study of 15 patients with PAH reported that transitioning from systemic prostanoids to inhaled trepostinil was well tolerated in patients who were clinically stable, the majority of whom were receiving two or three oral PAH therapies in addition to their prostacyclin therapy. [22] Although it is currently considered unadvisable to transition patients with PAH from parenteral prostacyclin to inhaled therapy, such transitions may be required due to complications associated with parenteral therapy (e.g., pump malfunctions, catheterrelated infections, and/or vascular thrombosis) [5] or patient preference (quality of life). The achievement of a successful transition is an important component of effective therapy. This is the largest multicenter study to date to examine predictors of successful transition from parenteral prostacyclin to inhaled iloprost.
The majority of patients (91.9%) in this study underwent an overlapping transition period. Interestingly, among patients with an overlapping transition, a strong correlation was discovered between the use of oral PAH-specific therapies and the achievement of persistence. Persistent patients were more likely to be receiving PDE-5 inhibitors or ERA PAH-specific oral therapies at any time during and at the end of the transition period. Furthermore, among the 29 patients who successfully transitioned off parenteral therapy, four added an additional oral therapy posttransition, suggesting disease progression.
In patients with PAH, there are risks and benefits associated with the transition from parenteral prostacyclin therapy to inhaled iloprost. Associated risks include the potential for a period of inadequate treatment (treatment gap) and rebound PAH. In addition, unknown mechanisms may favor the use of parenteral prostacyclin over inhaled iloprost in certain patient populations. We speculate that such risks may provide an explanation for the unsuccessful transitions encountered in the present study. The benefits of transitioning from parenteral prostacyclin to inhaled iloprost include elimination of AEs associated with IV/SC therapy, minimization of side effects (nausea, vomiting, diarrhea, headache, or other pain), improved tolerability, and improved quality of life.
One limitation of the present study was that only patients who could be successfully transitioned for ≥ 24 hours were eligible for study inclusion. The number of patients who initiated transition but failed to achieve a transition duration of 24 hours remains unknown. In addition, the patients in this study appeared to have stable PAH, as evidenced by the frequent presence of a well-preserved mean right atrial pressure, cardiac index, and 6MWD before transition to inhaled iloprost. Furthermore, patients were on relatively low doses of parenteral prostacyclins before transition, suggesting that they may have been relatively intolerant of parenteral prostacyclins and therefore may not have been receiving optimal doses of these agents before transition. This scenario would facilitate selection of patients who are more likely to achieve a successful transition. Another limitation was that the duration of patient follow-up was limited and clinical parameters were not collected during the post-transition period. Consequently, it remains unknown whether such patients were able to continue long-term without parenteral prostacyclin treatment or whether their long-term outcomes would be improved, worsened, or equivalent to those of similar patients who remained on parenteral prostacyclin. Finally, the uncontrolled, retrospective study design precludes the establishment of firm conclusions based on the present findings. Consequently, these results are intended to facilitate the development of additional testable hypotheses and do not in any way recommend a change in patient therapy or promote transitions from parenteral therapy to inhaled iloprost monotherapy. Clinicians should continue to follow routine protocols for IV transition. Patients who are transitioned must be followed closely for evidence of deterioration that would prompt resumption of parenteral prostacyclins or the addition of other therapies.
In selected patients, transitioning from a parenteral prostacyclin to inhaled iloprost appears safe and feasible, and is associated with a high rate of long-term success. Concomitant use of oral drugs during and post-transition appeared to facilitate persistence. Additional studies are needed to define selection criteria and potentially develop a transition algorithm.
